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N A T I O N A L  ADVIS9RY C0hQ.Q TTEE FOR AEIIONAUTICS 
z 

ADVANCE -EPORT 

. 
DETERMINAYION OF TKE DAYPIlTG XOI1TE;NT I N  YAWING FOR 

TAPERED '!LINGS WITH P A R T I A L - S P A I J  FLAPS 

By Sidney I!. Harmon 

SUhJIAFtY 

A method f o r  determiqing the  damping moment i n  yawing 

f o r  tapered wings w i t h  partial-span f l a p s  i s  presented here in .  

Charts a r e  given f o r  untwisted wings with t ape r  r a t i o s  o f  

0.25, 0 .50 ,  and 1.009 wi th  asbect r a t i o s  f r o m  6 t o  1 6 ,  and 

with center-span fLaps extending f r o m  25 t o  100 percen t  of 

- 

. 

t h e  wing semispan. The r e s u l t s  a r e  a l s o  appl icable  t o  t i p -  

span f l a p s  extending f r o m  0 t o  75 percent  of t h e  wing semi- 

span. The c a l c u l a t e d  damping monient i n  yawing i s  compared - 
w i t h  experimental r e s u l t s  f o r  a rec tangular  wing wi th  a f l a p  

having a span 60 percent  o f  the wing span. 

IHTRODUGTI O N  

) The c a l c u l a t i o n  by Wibselsberger of t he  wing damping 

mgment for an untwisted e l l i p t i c a l  wing i n  yawing i s  suinma- . 

r i z e d  and extended i n  re ference  1 t o  t h e  case o f  an untwisted 

r ec t angu la r  wing. Reference 2 p r e s e n t s  the  r e s u l t s  of c a l -  

c u l a t i o n s  for 'a wide range of t a p e r  r a t i o  f o r  untwisted wings 

and also f o r  t h e  s p e c i a l  angle-of-at tack d i s t r i b u t i o n  t h a t  

I 

r e s u l t s  f rom the d e f l e c t i o n  of p a r t i a l - s p a n  f l a p s  o f  cons tan t  

chord r a t i o  when the  r e s t  of  the span i s  a t  zero angle Ofattack 
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The rcsul- ts  Iri reference 2 f o r  t he  yawing d e r i v a t i v e  due t o  

induced drag, howeve$ contain6: iaccuracles  because o f  t h e  

omission of ai-, i npor t an t  ten;i i n  the f o m u l a  f o r  th6 yawing 

moment. A l s o ,  as noted i n  re ference  2, t he  r e s u l t s  cannot 

c 

r 

be appl ied .by simple superpos i t ion  t o  t he  case i n  which the  

l i f t  i s  cont r ibu ted  simultaneously by p a r t i a l - s p a n  f l a p s  and 

by the  p l a i n  po r t ions  of the  wing. T h i s  l i m i t a t i o n  fo l lows  

f r o m  the f a c t  t h a t  t h e  damp1n.g movent v a r i e s  a s '  the  square of 

the angle-of - a t t ack  d i s t r J ibu t ion ;  hence, s epa ra t e  components 

ox' the l i f t  d i s t r i b u t i o n  have i n t e r a c t i o n s  t h a t  con t r ibu te  t o  

the  resul ta .nt  value of t he  yavuing d e r i v a t i v e  

i 

# 

The p re szn t  analirsis g iaes  t he  r e s u l t s  of c a l c u l a t i o n s  e 

f o r  th.e yawing d e r i v a t i v e  BCrl /b  (g?) f o r  untvfis t ed  tapered  

wings v i i t h  p a r t i a l - span  f l a p s  of cons tan t  chori? r a t i o  a t  

various angles  of a t t a c k .  " h e  r e s u l t s  Ere pmsen ted  for t h e  

same range of t a p e r  ratio as i s  considered i n  re ference  2 and 

f o r  center-spar1 f l a g s  extendin& from 25 t o  130 percent  of  ' the  

wing semispan. The r e s u l t s  piqesen'ted f o r  the  center-span 

' 

f l a p s  may be appliec! t o  t ip-span f l a p s  extending f r o m  0 t o  

75 percent o l  the  wing semispan. The computations i n  the 

present  paper do not  include t h e  2ar.t o f  t he  yawing rzoment 

I 

-contr ibuted by the changes i n  spanwise p r o f i l e  drag,  The 

~ e f f e c t  of t h i s  f a c t o r  on the  yawing d e r i v a t i v e  i s  discussed 
0 

i n  reference 2. 
.r 
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SrnIROLS 
* 

yawing-l;?omeiit d'oeff'icient due t o  spanwise indwced- 

drag d i s t r i b u t i o n  

angular  v e l o c l t y  f n  yaw, rad ians  pe r  second 

wing span 

wind v e l o c i t y  along plane o f  symmetry of a i r p l a n e  

l o c a l  re la tLve w h d  v e l o c i t y  a t  eny s e c t i o n  , 

coordinate  rriezsu~ec! alorig l a t e r a l  axis o f  a i rp l ane  

c i r c u l a t i o n  aro7md any sect!-on 

s e c t i o n  l i f t  c o e f f i c i e n t  

wing chord a t  ariy s e c t l c n  

incuczd angle o f  a t t a c k  a t  any sec t ion ,  rad ians  

coordinate  ind ica t ing  fl.xed spanwise p o s i t i o n  

noma1  component of v e l o c i t y  

ya7f.ring moment due t o  spanwise induced-drag d i s t r i -  

b u t i o n '  ('JnqsSb) 

dynamic pressure  a t  plane o f  symmetry ( ipvs2) 

wing a rea  

d e n s i t y  

parametera de f in ing  spanwise p o s i t i o n  y = 7 b cos 8 ;  

- b vvlilen 8 = n, y = -2 - 2; when 8 = 0, 

parameter def in ing  f fxud spanwise p o s i t i o n  

wing chord a t  plane of' symmetry o? a i rp l ane l  

s lope of s e c t i o n  l i f t  curve a t  plane o f  symmetry of  

a i rplane,  per r ad ian  

Al, .. . An c c e f f i c i e n t s  of Fourier s e r i e s  ( s e e  re ference  3 )  

~~ 
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k aspect r a t i o  

cnr  yawing d e r i v a t i v e  C&@--fl 

. 

CL . over-a l l  l i f t  c o e f f i c i e n t  

K1,K2, m d  K g r o p o r t i o n a l i t y  cons tan ts  used t o  exprees  induced- 3 
yawing-nomsnt d e r i v a t i v e  i n  terms o f  i t s  

compnent parts 

x taper  r a t i o ,  t h a t  i s ,  r a t i o  of  extended t i p  chord t o  

chord a t  plane of symmetry 

slog0 of s ec t ion  l if t  curve, per  rad ian  mO 

B a r b i t r a r y  constant  

increment o f  ove r -a l l  l i f t  c o e f f i e i e n t  due t o  def lec-  

' t i o n  o f  rl.ags 
*CLf 

bf fla;, span 

sec t ion  p ro f i l e -d rag  c o e f f i c i e n t  d.0 
Acdof increment o f  s e c t i o n  p ro f i l e -d rag  c o e f f i c i e n t  due 

t o  d c f l e c t i o n  of' f l aps  

AC Fncrement of yawing d e r i v s t i v e  due t o  spanwise 
"r 

changes i n  p r o f i l e  drag 

Subscr ip ts  ar,d supe r sc r ip t s :  

W refer's t o  c z -  o r  - d i s t r i b u t i o n  r e s u l t i n g  from 
C d O  

wing angle of  a t t a c k  

- d i s t r i b u t i o n  r e s u l t i n g  f rom 
C d O  

f , r e f e r s  t o  c b -  o r  

d e f l e c t i o n  o f  flaps 

a 

J 

1 

f C center-span f l a p s  

ft t ip-span f l a p s  
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MdTHOD AND AYALYS'TS .1 
I 

The method used i n  the present  a n a l y s i s  f o r  c a l c u l a t i n g  ' 
t h e  s t a b i l i t y  d e r i v a t i v e s  i s  based on the  assumptions out-  

l i n e d  i n  re ference  2 .  Because t h e  angular  motions con- 

s i d e r e d  i n  the  present  ana lys i s  a r e  sinal1 (rb/ZV, < O.l), the 

~ 

in f luence  of t he  curvciture of' t h e  wing wake i s  considered t o  ' I  
be n e g l i g i b l e  f o r  p r a c t i c a l  purposes. Powers o f  rb/2Vs \ i  I 

I 

h i s h e r  than unit!r a?e a1.so neglected.  
I 

I n  yawing mot ion ,  t he  fol lowing r e l a t i o n s h i p s  hold: 

I v = v, (1 - E) 
where V i s  the  l o c a l  i*e la t ive  v e l o c i t y  a t  a s e c t i o n  and y 

\ 

b t o  -2 - b  
-2 *( v a r i e s  along the span from 

F 

dr 

Y - Yo dy --dY 

where i s  the  induced angle of a t t a c k  a t  any s e c t i o n  yo '  aiYo " 

due t o  t h e  t r a i l i n g - v o r t e x  s p t e n .  
I 

( 3 )  

where r; 

i n  induced drag,  

i s  the  yawing moment due t o  t h e  spanwise changes 
% 
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It;; Ss convanlent t o  make t he  s u b s t i t u t i o n  
b 

y ='z cos 0 

c 

# 

', 

Then, by d3. f fe ren t ia t ing  equat!-on (1) w i t h  r e spec t  t o  th'e new 

variable 8 , the downwash equat ion ( 2 )  becomes 

Equation (4) i s  eqv_i_valcnt; t o  the dawnwash equat ion ( G )  given 

i n  referefice 2. 
c 

Ti' the Lo tz  r e t h o d  f p r  deterniining the  span load 6istrj.- 

bu t ion  ( r e fe rences  3 and 4) I s  fo l lowed ,  t he  c i r c c l a t i o n  
* 

i n  equtiition (4.) and h t e g r a t i n g  g lves  

The yawing rmment N from equat ion ( 3 )  now becomes 



I 

i 
I 

I n t e g r a t i o n  o f  oquatj-on’ ( 6 )  and conversion to  t h e  

nondImensLona1 c o e f f i c i e n t  Cn resu l - t s  i n  
‘c 

=-q 
‘n I 

+ 
L-. 

1 
2nP.., 2 

I 

(2n  + 

It w i l l  be noted that the  even-nuxbered A-coef f ic ien ts  . 

i n  equat ion ( 7 )  a r e  d i r e c t l y  propor t iona l  t o  t h e  asymmetric 

l i f t  produced i n  yawing. These c o e f f i c i e n t s  a r e  t h e r e f o r e  ‘ 

propor t iona l  t o  rb,/2V, and t h e i r  products o r  powers g r e a t e r  

than  u n i t y  c8n be neglected.  It fol lows t h a t ,  i f  t h e  even- 

niimbered A-coefficieii ts  have the values f o r  u n i t  

equat ion ( 7 )  becomes 

kb/2VS, 
1 

Tn equat ion ( e ) ,  each o f  the  A-coef f ic ien ts  i s  a linear 

func t ion  of the  angle-of-at tack o r  c J - d i s t r i b u t i o n .  For a 

given wine, t he re fo re ,  s i rn i ln r l ; .  nurn3ered A-coe f f i c i en t s  diJe 

t o  any number of* cz -d i s t r Ihu t ions  may be superposed, and the 
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I sum of ",iese s i m i l a r l y  nurllberaed c o e f f i c i e n t s  may he s u b s t i -  

t u t e d  -!xi eqi.iction ( 8 )  to give the  r e su l t an f ,  value f o r  C 

due t o  tLs combtiled l i f t  distx;ibutions.  a 

nr 

Tho subsequent a.nalysis conssiders the c m e  of' the  

c z - d i s t ~ - f b u t l o n  caused by the  combined d i s t r i b u t i o n s  of' the  v 

an613 cjf a t t a c k  anc! the  d e f l e c t i o n  of p a r t i a l - s p a n  f l a p s .  

The supe r sc r ip t s  w and f r e f e r  t o  the c t - d i s t r i b u t i o n s :  

due t J  the  angle of' atkacl.: a d  t o  the f l a p  d e f l e c t i o n ,  

respectively. i3;r co:ibining these  c z - d i s t r l b u t i n n s ,  equa- 

t i o n  (13) bscomes 

( 9 )  
m 

W (A,W + A l q 2  =-- 

j, 
--I_ 

2 + ' (2x1 + 2) (AI;" -I- Anf)  (An+* + An+2 

"I 
Eqiiatiori ( 9 )  nay be expanded t o  the  form 
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The th ree  groups 01' terms on the  i-Sg'rt-hand s i d e  of 

equatfon ( 1 0 )  a m  equa l  t o  the yawing de:u. ivat lvs  due t o  t h e  

w-d-istribution, t o  the Lnteraction of the w- and 

f-distributions, and t o  the  f-distribution. It should be 

noted t h a t ,  in '  equat ion (lo), t he  even-iimibered A-coef f ic ien ts  

have the  values  ap3ropriate  t o  u n i t  rb/2VS. I n  the  equa- 

t i o n ,  each A-coefr ic ient  i s  d l r e c t l y  p ropor t iona l  t o  the  

o v e r - a l l  l i f t  coef i ' ic isnt  Cf, t h a t  r e s u l t s  f r o m  the par- 

t i c u l a r  c z - d i s t r i b u t i o n  t o  which this  A-coeff ic ient  r e f e r s .  I 

It r o l l o w s  t h a t  

W r'f, and Cnr ' a r e  obtained froni equat ion 
Cnr 9 cn3? 

where 

(10 )  , and the  supe r sc r ip t  w f  denotes the  i n t e r a c t i o n  of 

the w- and f - d i s t r i b u t i o n s .  

For a given wing, equation (11) may be w r l t t e n  

(12) 2 + K2Cb A C L ~  + ACL 2 
Cnp = 5 1 . c ~ ~ ~ .  f 

where Kl, Ii.2, and 1 4  a r e  cons tan ts  r e f e r r i n g  t o  t he  yaw- 

i n g  d e r i v a t i v e  per u n i t  CL2 f o r  t he  angle-of -a t tack  and 

f lap-def lec t ior r  d i s t r i b u t l o n s  and f o r  t h e  i n t e r a c t i o n  of 
\ 

t hese  d i s  t r i b u t i o n s  
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RESTJLTS AND DISCUSSION 

T?ieoretlcal  Resu l t s  

Calculat ions were made i n  the  p re sen t  a n a l y s i s  t o  d e t e r -  

n ine  the  yawing derivative T o r  t h e  l i f t  d i s t r i b u t i o n  t h a t  

r e s u l t s  from a combined uniform and symmetrical d i s t r i b u t i o n  

t 

of angle of  a t t a c k  ar?d uniform d e f l e c t i o n  of p a r t i a l - s p a n  

f l a p s  of constant  chord r a t i o .  The computations were made 

by equat ion (10 ) .  The A-coeff ic lents  f o r  the  angle-of- 

a t t a c k  and flap-def'l-ection d i s t r i b u t i o n s  were obtained by 

the method given i n  re ferences  2 t o  4. 
of reference 2 . )  

(See equat ion ( 9 )  
The computations assumed a value of 5.67 

per  r a d i m  f o r  the  s lope  of' t h e  s e c t i o n  lift curveo The 

range of  t he  i n v e s t i g a t i o n  inc iudes  t h r e e  t ape r  ra t ios:  0.25, 

0.59, and 1.W; t h rae  aspec t  r a t i o s :  6 ,  lo,. and 16; and 

f l a p s  extending from the wing cen te r  t o  25 t o  100 percent  

of  the wicg semispan, The p l an  forms of t h s  wings, which 

have roundsd t i p s ,  a r e  shown i n  f i g u r e  1 of re ference  2. 

The r e s u l t s  o f  t he  c a l c u l a t i o n s  a r e  given i n  f i g u r e s  1 t o  3 .  
, 

Figures  1 and 3 a r e  s i m i l a r  t o  f ' i g p e s  13 and 12, rosgec t ive ly ,  

of reference 2. The resu l t s  presented  i r i  these  f i g u r e s  i n  

-reference 2 ai-e in e m o r  because of the  omission o f  t he  term 

- .T, which aFpears ?-n equat ion ( 8 )  of t h e  present  paper,  A 1 2  

The v a r i n t t o n  o f  t h e  ;Tawing-derivative f a c t o r  Kp w i t h  

aspect  ra t20 Is shown i n  f l g u r e  1 f o r  t a p e r  r a t i o s  of  0.25, '  

0 .50,  and 1.30, for a uniform and s p i o t r j - c a l  angle-of -a t tack  
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F i g m e  1 skAows t h a t  the 
= O *  

d i s t r i b u t i o n ,  and f o r  

magnitude of K1 clecTaases a s  t he  aspeLt r a t i o  docrsases  

a d  as the  taFer  beewee sharper. 

Figure 2 shows t h e  varlation with fla:; span of K2, 
whfch gives  the  yawing de r iva t ive  due to t h e  i n t e r a c t i o n  

of  t h e  comb.hed d i s t r i b u t i o n s  of angle  of a t t a c k  a rd  f l a p  
\ 

d e f l e c t l o n .  The acCusi compctations T o r  t h e  t a p e r  r a t i o s  

o f  0,25, 0.50, and 1,OO were niade f o r  f l a p  spans of 50 and 

100 percent  o f  t he  v&g span, I n  o rde r  t o  ob ta in  t h e  c o r r e c t .  I 

f a i r i n g  fox? t he  ciirvas, sjimf-lar results were compu.ted f o r  t he  * 

e l l i p t i c a l  wing wrth A = 13, fo;- flap spans of 259 50, 75, 

87.5, and 130 percent  os? the wing span. 

2 ind fca t e  tha% t l e  magnitude of K2 decreases  w4.th a s p e c t  

r a t i o  and inc reases  w i t h  f l a p  span. For f l a p  spans t h a t  

a r e  g r e a t e r  than  approximately 50 percent  o f  t he  wing span, 

t h e  magnitude of K 2  liicreases 3 s  t h e  wing becomes less 

tapered; the increase  Secomes g r e a t e r  as the f l a p  span i s  

The da ta  of f igure  

increased ,  For f l a p  spans of' approx:LiZately 50 percent  of 

the  wj-rig span, K2 v a r i e s  only s l i g h t l y  with wing taper .  

It, i s  k L t e r e s t i n g  t o  no te  i n  f i g u r e  2 t h a t ,  f o r  f l a p s  of 

approx-ha te ly  30 percent  of the  wing span, t he  curve for* 

K2 r eve r ses  s ign ;  t h i s  condi t ion i n d i c a t e s  8 des t ab5 l i z ing  

fnf luence f o r  this f a c t o r .  

The v a r i a t i o n  of K 3  with f l a p  span fcr uniform 

- CLW d e f l e c t i o n  of f l a p s  of' constant chord r a t i o  and f o r  = o  
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is shown i n  figui-e 3. %e a c t u a l  computations and f a i r i n g  

o f  the curves were obtalned i n  t h e  same mariner as those for 

f i g w e  2. The values for 

t ape r ,  aspect r a t i o ,  and flap span s i m i l a r  t o  those for K2 

i n  f i g u r e  2 .  

show v a r i a t i o n s  with wing K3 

The t o t a l  value of' t he  yawing d e r i v a t i v e  due t o  induced 

drag f u r  the  conbined dis t r i -but ior is  of angle of a t t a c k  and 

f l a p  de f l ec t lon  i s  obtained from f i g u r e s  1 t o  3 and equa- 

t i o n  ( 1 2 ) .  

P 

It shou1.d be noted from the  de r iva t ion  o f  equat ion ( 1 2 )  

t h a t  t h o  valt.les for Cn obtained from this  equat ion and 
r 

a l s o  i'rorc f i g u r e s  1 t o  3 ape equally appl icable  when the angle  rl 

of z t t a c k  o r  the  f l a p  d e f l e c t i o n  i s  e i t h e r  p o s i t i v e  o r  negat ive,  

as '  lorig as  pi'oper accourit i s  taken of t he  s tgns.  Beoadse 

the  ana lys i s  i n  der iv ing  the formula for 

K2, and K5 

angle of' a t t a c k  01- f l a p  defloc-tion, t he  a p p l i c a t i o n  of 

equation ( 1 2 )  and f igu res  1 t o  3 r e q u i r e s  on ly  a considera-  

t i c n  of the  s i g n  of 

shows t h a t  KI, 

a re  fiegative f o r  e i t h e r  9 p o s i t i v e  or a negat ive 
'nr 

l 

and ACLf. 

Figures 1 t o  3, as noted previously,  a r e  based on a 
cL,,: 

' v d u e  of  5.67 pei. radiar, f o r  the s l o ? e  of  t he  s e c t i o n  l i f t  

curve.  I n  ordei- t o  apply the r'rgurcs f o r  o t h e r  values  of 
\ 

mo - Tor example , mo = 5.6'7B, where B is an a r b i t r a r y  % 

constant  - each o rd ina te  i3 w l t 4 p l i c d  by 132 or each 

curve i n  the  figures can be s h i f t e d  t o  an e.,.uivalent aspec t  
II 

~ 

~ 



. 

3 _.” 

13 

r a t i o  BAY where A i s  the des i red  aspec t  r a t i o ,  The 

f i g u r e s  r e f e r  s p e c i f i c a l l y  t o  center-span f l a p s  bu t  t he  
I 

da ta  nay be appliecl t o  t ip-span f laps  o f  0 t o  75 percent  of 

the  wing span by the  following r e l a t ionsh ip :  

I n  the  equat ion  f t  r e f e r s  t o  t he  t i p  f laps , ,  f c  r e f e r s  t o  

cen te r  f l a p s  f o r  w h i c h , t h e ’ s p m  is (le,, - - Oft) b, i f  

b 
span, and ftcc ind ica t e s  ful l -span f laps ,  The f l a p  deflac- 

t i o n  corresponding t o  

t h a t  f o r  t he  t i p  f l aps .  Equation (13), o f  course, can be 

used i n  conjunct ion w i t h  f i gu res  1 t o  3 only  f o r  the 

par t iculak.  case o f  t h e  combined c%-d i s t r ibu t ion  tha t  r e s u l t s  

f rom a uniforp d e f l e c t i o n  of f laps  of constant  chord r a t io  

b i  
bft - i s  the  r a t i o  of t he  span o f  t he  t i n  f l a p  t o  *the wing 

and CLf is t he  same as  
%+t C 

and from a unJ.form and symmetrical angle-of-at tack d i s t r i b u -  

t i on .  

Comparison of Theoret ical  with Wind-Tunnel Resul t s  

The ca l cu la t ed  results 92esented i n  f i g u r e s  1 t o  3 are 

compared i n  f i g u r e  4 with wind-tunnel r e s u l t s ,  obtained from 

reference  5 for a rec tangular  wing w i t h  partJa1-span f l a p s  of 

constant c h d  r a t to .  Thc afnq h x  thc !'allowing character is t ics :  

T ips  ................................................ Square 
Aspect; r a t i o ,  A .................................... 6 
Taper r a t i o ,  X..  

I 

................................... 62% bf/b 0 . 0 . . . . . . . . . . . . . . . . . ~ 0 0 ~ ~ ~ 0 0 0 0 ~ ~ 0 0 * 0 ~ * ~ 0 * e o * ~ ~ o  

A C L ~  ............................................... 0,-! 
- - +  . cdow, per  u n i t  wing span ........................... 0,024 

0.08 hcdof,  ,per u n i t  f l a p  span .......................... 
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and 

Lf 
CL = CL - oc 

W 

r. 

c 

/ 

where CL I s  the ove r -a l l  l ift c o e f f i c i e n t .  From f i b v r e s  1 

t o  3 ,  based on rounded t i p s ,  K 1  = -0,0225, K2 = -0.0219, 

and 

induced drag 

K3  = -0.0125; t h e r e f o r e ,  the yawing d e r i v a t i v e  due t o  

= -c.o225cL 2 - 0 . 0 2 1 9 ~ ~ ~ ~  AC,,- 0.0125 AC,,~ cn, W 

The yawing her iva t ive .  due t o  p r o f i l e  drag from equat lon  

(12 )  of re ference  2 i s  

By coixbining equat ions (11;) and (15), t he  yawing d e r i -  

va t ive  for the  wing in t e r n s  of ti19 over-a12 l i f t  c o e f f i c i e n t  5 

becomes I 

= -0.0225~~2 + 0.0129&, - 0.01773 
'nr 

The comparison o f  the t h e o r e t i c a l  vdlues wi th  the wind- 

tunnel  r e s u l t s  i s  shown f o r  a Tange o f  l i f t  c o e f f i c i e n t  from 

0 t o  1 . 6 .  (See f i g .  b . )  It w i l l  be seen t h a t  the  agree- 

ment genei-ally is good except a t  h i @  l i f t  c o e f f i c i e n t s .  

The g r e a t e r  experimental  damping moment a t  t h e  h igh  l i f t  

c o e f f i c i e n t s  i s  probably due t o  t he  l o c a l i z e d  t i p  vor tex  

c a u s e 6  by the square t i p s ,  which adds an increment of dr-g . 
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i nc reas ing  approximately a s  the square of  the l i f t  c o e f f i -  

c i e n t ,  

Langley Memorial Aeronautical Laboratory, 
National Advisory C o m i  t t ee  f o r  Aeronautics , 

Langley Fie ld ,  Va. 

- r' 

I 

t 

i 



16 

REFERENCES 

1. Glnuert, H.: Calculat ion o f  t he  Rotary Derivat ives  m e  
t o  Yawing f o r  a Monoplane Wi.ng. 
B r i t i s h  A.R.C. ,  1923. 

S t a b i l i t y  and Cont ro l  C h a r a c t e r i s t i c s  of Viings wi th  
Various Amounts of' Taper. and Twist. PTACA Rep. Vo. 635, 
2938, 

R. & M. No. 8 6 6 ,  

2. Pearson, Henry h . ,  and Jones, Robert T.: Theoret ical  ' 

3 .  Pearson, H. A . :  Span Load Distrib!it ion lor Tapered 
Wings with Part ia i -Span Flaps.  RACA Rep. Na. W5, 
1737 

IC. L o t z ,  Irngard: Berechnung der  Auf t r iebsver te i lung  
beliebi; geforn ter  F l u p l .  
A p r i l  1~1, 1931, pp. 189-195. 

5.  Campbell, John F . , and P;:athews \'lard 0 . : Experimental 
Deterrii1nat;Ion of the Ya::Jing Homent Due t o  Yawing Con- , 
t r i b u t e d  by the Wine, Fmelage ,  and V e r t i c a l  T a i l  of 
a I'lfdwing Airplaxe Fodel.. I U C A  ARZ No. 3m8, i943. 

Z.F.l:I., Jahrg. 22, Heft 7, 

, 
I 



! 

,-. 

rig. 3. 

6 8 10 12 14 16 

$ i s r e  1,- Variation with aspect ratio of yawing-derivative fac- 
t o r  due to induced d?ag for uniform and s 

Aspect ratio, A 

etrical 
aagle-of-attack distribution. ACL 0. Cnr = ICl CLw r f’ 



NACA Pa,?,' ' 
4 Fig. 2 



\ 

NACA Fiq. 3 

'0  .a .* *6 4 1.0 
&hn+ of fbp fram wing cen*c 

percent scmi5- 



k 
R 

C> 

Fig. 4 

, 

Figure 4.- Coqarsion of  theoretical and wind-tunnel results 

A = 6 ;  A = 1.00: b.p/b = 0.60; ACLZ = 0.56: and C 
f o r  yawing derivate f o r  partial-span flapped wing. 

= CL - 0.56, 
L , ,  
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